• Repair and replace proteins damaged from mechanical disruption; • Support increases in lean mass; • "Remodel" proteins in muscles, bones, tendons, and ligaments to better withstand exercise stress and strain;
• Maintain optimal function of all metabolic pathways that use amino acids; • Promote optimal functioning of the immune system; and • Maintain production of plasma proteins required for optimal physiologic function.
Although adequate protein intake is essential for all these functions, most athletes and active people want to increase muscle mass and strength and recover faster after exercise.
Amino acids enter the free amino acid pool located in body tissues and blood after the digestion and absorption of protein or as a result of tissue degradation. Consuming more protein than what is immediately required to support muscle growth and other functions increases amino acid oxidation and subsequent urea production.
Exercise is a potent physiologic stress that ultimately results in an adaptive response to prevent future threats to homeostasis. The increase in contractile proteins allows a weightlifter to achieve a greater absolute power output; an increased mitochondrial volume allows the endurance athlete to exercise for hours. 3 Endurance athletes need about 1.2 to 1.6 g/kg/d of protein. During low-to moderate-intensity endurance activity, 1.2 g/kg/d is sufficient if energy and carbohydrate intakes are adequate. Elite endurance athletes may require 1.6 g/kg/d of protein. 3 Individuals in the early stages of intensive resistance training may require up to 1.7 g/kg/d of protein to support muscle fiber hypertrophy. Because most of the myofibrillar protein accretion occurs within several months of the initiation of resistance training, welltrained strength athletes such as body builders require only about 1.2 g/kg/d. protein balance is a function of muscle protein synthesis minus muscle protein breakdown. Skeletal muscle growth occurs only when muscle protein synthesis exceeds protein breakdown. Consuming protein results in hyperaminoacidemia (increased amino acid levels in the blood) and stimulates the synthesis of new proteins. 2, 3 Resistance training also significantly increases muscle protein synthesis. The synergistic effect of protein ingestion and regular resistance training potentiates muscle protein synthesis, thereby promoting muscle hypertrophy over time. 2 The amount, source, and timing of protein intake throughout the day can have important effects on muscle protein synthesis.
Protein Dose
Consuming a dose of 8 g of essential amino acids maximally stimulates muscle protein synthesis. 2, 4 This represents about 20 g of high-quality protein (milk, eggs, and meat) because about 40% of the amino acids in these foods are essential amino acids. A dose of 20 g of protein can be obtained by consuming 24 oz (2 1 ⁄ 2 cups) of skim milk, 3 large eggs, or 3 oz of lean red meat. 2 The dose and source of protein determine the amplitude and duration of rise of essential amino acids in the blood, which in turn affects the degree of muscle protein synthesis.
Protein Source
Milk contains whey (20% of milk protein) and casein (80% of milk protein). Whey and soy are quickly digested ("fast" proteins) and rapidly increase blood amino acid levels. Casein is slowly digested (a "slow" protein) and causes a more moderate increase in blood amino acid levels.
Consuming skim milk (whey and casein) after resistance training promotes greater muscle protein gains compared with the same dose of soy protein. 2, 5 Also, consuming whey after weight training stimulates a greater rise in muscle protein synthesis compared with the same protein dose from soy or casein. 6 The "fast" proteins whey and soy also promote greater muscle protein synthesis compared with casein. 6 Dairy and whey proteins are very effective at promoting muscle protein synthesis because they are digested quickly, promote a rapid increase in blood amino acid levels, and have a high leucine content. 6 It is thought that a critical level of serum leucinea "leucine trigger"-is needed for maximal stimulation of muscle protein synthesis. 7 The superiority of whey compared with soy is not due to differing absorption rates, as both are digested quickly and cause large increases in blood amino acid levels. Rather, soy is inferior due to a lower leucine content.
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Timing
The timing of protein intake relative to exercise is important. Increases in muscle mass and strength are greatest when protein is consumed within 1 hour after exercise. 8 A proteincontaining supplement consumed immediately before and after resistance training resulted in more gains in lean mass, strength, and type II muscle-fiber area compared with when the same supplement was consumed in the morning and evening. 8 Athletes should consume 20 to 25 g of high-quality protein as soon as possible after training sessions to enhance muscle protein synthesis, promote maintenance of lean tissue, and aid muscle repair.
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OPTIMIZING PROTEIN INTAKE
The following strategies are recommended to optimize protein intake in athletes:
• Consume more protein than the RDA-1.2 to 1.7 protein g/kg/d.
• Emphasize animal-source proteins high in leucine-dairy and especially whey.
• Eat high-quality proteins in 20-to 25-g doses to maximally stimulate muscle protein synthesis.
• Spread protein intake evenly throughout the day (e.g., 3 meals and 2 snacks) to maintain optimal serum amino acid levels.
• Consume 20 to 25 g of highquality protein as soon as possible after exercise.
EXCESS PROTEIN
Surveys of strength and power athletes and body builders indicate that they consume 2.0 to 2.5 g/kg/d of protein and as much as 3.0 g/kg/d. Research does not support a protein intake more than 2 g/kg/d to increase muscle mass and strength. An intake of 2 g/kg/d is unlikely to cause any adverse effects. Most healthy individuals can safely tolerate high protein intakes for long time periods, although a high protein intake may accelerate disease progression in individuals with preexisting kidney disease. 2 Strength and power athletes who consume 2.5 to 3 g/kg/d of protein may not consume an adequate amount of carbohydrate to support their training. Many believe that carbohydrate is needed only for endurance activities. However, high-intensity, short-duration efforts such as weight lifting and sprinting also rely heavily on carbohydrate for fuel. Resistance training can reduce muscle glycogen levels by 35%. Thus carbohydrate is an important and potentially limiting fuel even during resistance training workouts. 2 The nitrogen in protein is toxic. Excess amino acids cannot be stored, and the size of the amino acid pool cannot be expanded indefinitely to accommodate these extra amino acids. Consuming more protein than what is immediately required to support muscle growth and other functions requiring amino acids ultimately increases amino acid oxidation and urea production. 2 Thus protein intake needs to be evaluated from meal to meal, as it is the immediate utilization of ingested nitrogen that influences the rate of amino acid oxidation and urea production. 2 Protein supplements may be beneficial to specific athletes in specific situations by helping to meet nutrient needs or offering convenience, but they are not superior to high-quality food proteins. Also, the performance claims made for many products-that is, that they promote faster or superior muscle recoverydo not hold up to scientific scrutiny. 5 In a series of scathing articles that question what is described as the "false science of hydration," the BMJ 1-3 has alleged that hydration recommendations for athletes are corrupted by the influence of sports drinks companies and are not evidence based. Most important from a clinical standpoint, there is little evidence that dehydration is an important contributor to heatrelated illnesses, or that fluid losses during competition have an adverse effect on performance, the BMJ contends. To the contrary, so-called "scare-mongering" of dehydration has resulted in the more serious problem of hyponatremia due to overhydration, according to the journal.
DEHYDRATION AND HEAT ILLNESS
"Over the past 40 years, humans have been misled-mainly by the marketing departments of companies selling sports drinks-to believe that they need to drink to stay 'ahead of thirst' to be optimally hydrated," wrote Tim Noakes, PhD, 1 the Discovery Health chair of exercise and sports science at Cape Town University in South Africa, in an editorial-1 of the 7 articles that examine the evidence supporting sports science claims. In fact, Noakes said, the human body is adapted to run large fluid deficits during exercise, and thirst is an adequate indicator of the body's fluid replacement needs. He added that attempts by athletes to keep up with fluid losses on the fly are counterproductive and potentially dangerous, as even a 2% surplus of total body water can lead to performanceimpairing edema, whereas greater increases can lead to hyponatremic encephalopathy and death.
The confusion about hydration needs is rooted in mistaken views about the cause of collapses after exercise, according to Noakes. Although the prevailing view has been that these people are suffering from avoidable dehydration-related heat illness, the majority of cases are due to exerciseassociated postural hypotension, a kind of fainting syndrome, Noakes argued. This misconception has been actively promoted by sports drinks companies as the basis for aggressive hydration guidelines.
But Keith Baar, PhD, assistant professor of exercise science at the University of California, Davis, was one of several researchers who took strong issue with the BMJ report. In an interview, he described the report as "extremely one-sided" and said it reflected only Noakes's views on issues about which there is considerable debate in the exercise science community. "There is definitely a basis for what Noakes is saying, but there's a whole other side of it that isn't seen in that article," Baar said. "So it comes off as this huge scam when I don't really think it's that way."
INTENSE EXERCISE IN HEAT
Baar said that Noakes's views on appropriate hydration were heavily influenced by studies in competitive runners, whom Baar agreed were not generally at risk of heat illness because they are lean and typically competing in cooler temperatures. However, he argued that dehydration is more of a factor in hyperthermia among larger competitors, such as American football players, who generate more heat because of their large body mass and are often competing in very hot temperatures.
Douglas Casa, PhD, who helped to write an American College of Sports Medicine (ACSM) position stand on exercise-associated heat illness, agreed. "During intense exercise in the heat, it's a very different animal," he said in an interview. "The body can't fully satisfy the competing demands of the cardiovascular system, the skin, and the muscle." He added, "That's really the most unfortunate part to me, that [the BMJ] didn't clearly state that during intense exercise in the heat, hydration can help keep your temperature down."
Casa acknowledged that field studies have consistently failed to show a relationship between dehydration levels and elevated body temperatures. 4 But he said these data are confounded by a failure to control for exercise intensity, and are therefore misleading. "What happens is that when you get more dehydrated, you will slow down," he said. "The main factor that controls your temperature is your intensity of activity, so if you're really dehydrated and you feel like crap, you'll be going slower, which will bring your temperature down. And hence, not surprisingly, you won't see a relationship between dehydration and hotter people." He said that in laboratory studies that control for intensity of exercise, a clear relationship between dehydration and body temperature is seen. And in a recent field study where Casa and his coauthors controlled runners' finishing times (a proxy for exercise intensity) by providing verbal feedback after each lap of the course, they found that temperature increased by 0.22ЊC for every additional 1% body weight loss during intentional dehydration compared with adequate hydration. 5 "Think of this in the military or a football conditioning session where athletes have to go hard and keep up a certain pace because the coach is telling them to," Casa said, adding: "Obviously, that's where you care most about their temperature and their risk."
DEHYDRATION AND PERFORMANCE
In a companion review, Yannis Pitsiladis, PhD, and Lukas Beis, PhD, 2 of the University of Glasgow, examined another claim that is used to justify aggressive hydration guidelines-that it improves performance. They noted that although expert guidelines no longer recommend that athletes drink the "maximal amount that can be tolerated," as stated in 1996 recommendations, they still advise athletes to drink to avoid bodyweight losses of more than 2% during exercise. (ACSM representatives have said that their 1996 advice has been quoted out of context by Noakes and others, and that their intent was to recommend replacing only the maximum amount of lost fluids that can be tolerated.)
Athletes who use their thirst as a guide will inevitably exceed this 2% threshold, Pitsiladis and Beis observe, but there is compelling evidence that such fluid losses may actually be an advantage in specific situations, such as elite marathoning. For example, in a study of 643 French marathoners, those who finished in less than 3 hours lost more than 3% bodyweight, exceeding the recommended threshold, whereas those who took more than 4 hours to finish lost only 1.8%. 6 There is considerable data from controlled laboratory studies showing drop-offs in performance associated with increasing levels of dehydration, especially in hot conditions. But growing evidence suggests that the realworld effects of dehydration may well be different, depending upon the sport and the environmental conditions. "With [Noakes's] specialty, which is running, if you dehydrate you're going to be able to run faster because you're going to weigh less," Baar said. "But if you're a cyclist or you're doing other types of performance, that's not necessarily the case because you don't have to carry the weight."
CONFLICTS OF INTEREST EXPLORED
In a related investigative report that examined the history of hydration guidelines, journalist Deborah Cohen 3 highlighted the role of sports drink companies in shaping aggressive fluid replacement recommendations. She noted that when the 1996 ACSM expert panel endorsed a "zero % dehydration" doctrine, half of the participants had ties to the Gatorade Institute or the U.S. military, which she noted is the world's largest Gatorade customer. In 2007, when the panel met again to revise its guidance, 2 of the 6 authors had financial ties to Gatorade, and another had funding from Coca Cola (maker of The BMJ takedown of sports drinks (see page 4 of this issue), timed to coincide with the flurry of marketing surrounding the Olympic games in London, shines a welcome light on the disconnect between the billions in sales these products generate and the limited evidence that supports them. What was missing, however, is an important element of sound evidence-based analysis: perspective from someone who does not share the authors' interpretation of the data. We tried to add that nuance to Clinical Nutrition Insight's coverage, especially when it comes to the controversial relationship between hydration and heat illness during intense exercise in hot conditions. But readers should not lose sight of some very important conclusions of the BMJ series that bear repeating:
• There is no evidence that an average exerciser benefits from sports drinks as opposed to water.
• Thirst is an adequate guide to hydration needs under most circumstances.
• Excessive emphasis on hydration may promote hyponatremia, an increasingly prevalent phenomenon at endurance events with serious and potentially fatal consequences.
• Modest dehydration (2%-4% loss in bodyweight) does not seem to be harmful under most conditions and might actually be beneficial in some competitive situations.
• The only people who are likely to benefit from sports drinks are trained athletes during extended endurance exercise.
Editor's Comment
Five Takeaways From the BMJ Sports Drink Series
Powerade) and GlaxoSmithKline (maker of Lucozade). She noted that the ACSM has longstanding financial relationship with Gatorade and now Powerade, and that many editorial board members are also affiliated with sports drink makers. She suggested that the influence of industry over journals can make it difficult to get negative studies of sports drinks published. Sport scientists generally agree that drinks companies have an outsized presence in their field. However, they say that they have no choice but to accept funding from these companies if they want to carry out research, as the U.S. government pro vides very little support for exercise studies. And although there is considerable evidence that researchers can be unconsciously biased by their association with industry, Casa, who has received research grants from a number of sports drinks companies including Gatorade, said the BMJ had overreached in an attempt to cast a nefarious light on these kinds of relationships. He said, for example, that it was inappropriate for the BMJ to question the independence of researchers employed by the U.S. military who have no ties to the drinks industry, simply because their institution is a large customer of Gatorade. And although Gatorade's support for research is characterized as a marketing strategy in the BMJ feature, Casa suggested that their funding support-self-serving though it may be-is better than the alternative of no funding.
"Gatorade is getting slammed, and they have spent more money on sports science than any company in the history of the world," he said, "when 99% of the companies spend no money on research and make all of these outrageous claims."
Drs. Baar and Casa reported receiving funding for travel and/or research from sport drink companies. Endurance athletes are famously smitten with exotic powders, pills, and gels that promise to boost perform-ance. Increasingly, however, many in the Iron Man crowd are looking to a surprisingly low-tech, low-key source to gain an edge: the humble beet. Interest stems from studies showing performance-enhancing effects of whole beetroots or, more frequently, beetroot juice, consumed before athletic exertion. In a recent crossover study, 1 researchers randomized 9 competitive cyclists to consume 0.5 L of beetroot juice or a placebo drink approximately 2.5 hours before participating in 4-and 16.1-km time trials. Completion time was 2.8% (11 seconds) shorter in the 4-km trial and 2.7% (45 seconds) shorter in the 16.1-km trial after consumption of beetroot juice.
In another study, 2 11 recreationally fit men and women ran 5 km on a treadmill after consuming 200 g of cooked beetroots (roughly 2 mediumsized beets) or a control cranberry relish. Results showed that average running velocity was 3% higher after eating the beetroot compared with the placebo (12.3 vs. 11.9 km/h). The increase in running velocity translated to a 41-second faster completion time. 
Moving With the
WHY BEETS?
As Murphy et al's comments suggest, beets are an exceptionally good source of naturally occurring inorganic nitrate. After ingestion, nitrates are converted in vivo to nitrite and then nitric oxide. Nitric oxide plays a critical role in a number of biologic systems, and has well-established effects on blood pressure and the cardiovascular system. By helping to maintain or increase systemic nitric oxide levels, consumption of beets is thought to contribute to vasodilation-an effect that may result in increased oxygen supply to muscles during exercise. Data also suggest that nitrate supplementation reduces the oxygen cost of exercise-that is, muscles are able to perform more work with the same amount of oxygen, allowing them to function more efficiently.
Evidence to this effect was first observed in a study of synthetic sodium nitrate administered to cyclists. To determine whether the same result could be achieved with naturally occurring nitrate in beets, Bailey et al 3 conducted a randomized crossover study involving cyclists who consumed beetroot juice (0.5 L/d) or a placebo juice containing negligible nitrate for 6 days. During the last 3 days of each test phase, participants performed several low-and highintensity cycling challenges. In addition to lowering systolic blood pressure by 8 mmHg, the beetroot juice lowered the oxygen cost of moderate-intensity exercise by 19% and increased the time to exhaustion by 16% during high-intensity exercise.
SCRUTINIZING THE EVIDENCE
As discussed earlier, these provocative laboratory findings have now received limited confirmation in trials involving actual athletic performance outcomes. And although the studies conducted to date have generally involved rigorous designs that reduce the potential for bias, it is important to recognize that these studies have been very small (n ϭ 8-12) in size, which may make the results more susceptible to influence from factors other than the experimental intervention-such as differences in hydration, food intake, or sleep before the time trials.
Despite these limitations, Tamara Hew-Butler, DPM, PhD, assistant professor of exercise science at Oakland University in Michigan, believes that "the science is sound and the findings quite provocative." She likely would give beetroot juice a try if she were in racing shape and planning to compete, she said in an interview.
"My biggest concern for athletes would be long-term effects, as nitrates have been linked to serious medical issues such as cancer and may have adverse-or even toxiceffects if high dosages are ingested chronically," Hew-Butler added. "The acute effects of red urine and stools are well documented, but athletes have a tendency to overuse anything that can potentially give them a 2-3% edge in performance. Thus, caution is advised until further long-term studies are performed."
Indeed, experts say that clinicians should recommend only food sources of nitrate to avoid potential confusion and overdose with synthetic organic nitrate or nitrite (e.g., nitroglycerin or amyl nitrate). 4 These agents cause potent vasodilation at low doses and can precipitate fatal cardiovascular collapse. (11 seconds) shorter in the 4-km  trial and 2.7% (45 seconds)  shorter in the 16.1-km 
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When it comes to maintaining weight loss, diets that are lower in carbohydrate may confer a metabolic advantage over diets with higher carbohydrate content, according to a recent feeding trial.
Bucking the conventional nutritional wisdom that it is energy intake-and not the percentage of fat, carbohydrate, or protein consumedthat determines a diet's effects on bodyweight, researchers concluded that lower-carbohydrate diets help people to burn significantly more energy during weight loss maintenance. Such diets might therefore make it easier to resist the creeping weight regain that almost inevitably follows significant weight loss, they said.
"The results of our study challenge the notion that a calorie is a calorie from a metabolic perspective," said Cara Ebbeling, PhD, of Children's Hospital Boston, and colleagues. 1 
WHAT DID THE INVESTIGATORS DO?
This was a controlled feeding study that involved 21 overweight and obese young adults who were put on an energy-restricted run-in diet for 12 weeks until they lost 10% to 15% of their bodyweight. After a 4-week stabilization period, investigators randomly assigned participants, in crossover fashion, to consume each of the 3 different isocaloric test diets for 4 weeks: a low-fat diet (60% of energy from carbohydrate, 20% from fat, 20% from protein; high glycemic load), a low-glycemic-index diet (40% from carbohydrate, 40% from fat, and 20% from protein; moderate glycemic load), and a very-low-carbohydrate Atkins-style diet (10% from carbohydrate, 60% from fat, and 30% from protein; low glycemic load) ( Table 1) .
WHAT WERE THE MAIN FINDINGS?
As expected, metabolism slowed after the initial weight loss because of the decreased energy requirements of the participants' smaller bodies. However, according to indirect calorimetry assessments, the decrease in participants' resting energy expenditure was inversely proportion to the carbohydrate content of the test diets. The slowdown in metabolism was smallest with the Atkins-style diet (Ϫ138 kcal/d); intermediate with the low-glycemicindex diet (Ϫ166 kcal/d); and largest with the low-fat diet (Ϫ205 kcal/d). These differences were even more pronounced for total energy expenditure measured via the doubly labeled water method. The decrease in total expenditure was Ϫ97 kcal/d for the very-low-carbohydrate diet; Ϫ297 kcal/d for the low-glycemic-index diet; and Ϫ423 kcal/d for the low-fat diet ( Table 1) .
As Ebbeling et al 1 noted, the 300 kcal/d difference between the lowest-and highest-carbohydrate diets is substantial-about the same amount that would be expended during an hour of moderate-intensity exercise. Accelerometry data showed no differences in physical activity that could account for the discrepancies in total energy expenditure between the groups.
WHAT ARE THE LIMITATIONS AND CONTEXT FOR THIS RESEARCH?
The authors have been rightly praised for advancing our knowledge in an area that is difficult to study. To activate your online access, click "Register" at the top right corner of the website.
sophisticated techniques under tightly controlled conditions, they have eliminated many of the factors that create uncertainty in diet and weight loss studies-particularly the fact that participants might not comply with the prescribed diets or that factors such as changes in physical activity might confound the results. It is difficult, nevertheless, to generalize the results of this short-term, tightly controlled study to individuals living in the real world. Even if we accept that reducing carbohydrate confers a short-term metabolic advantage, "other longer-term studies of 'freeliving' people out and about in their communities show little difference in weight loss or maintenance between one kind of diet and another," noted Marion Nestle, PhD, on her Food Politics Blog. 3 The main determinant of success in these studies seems to be how well one adheres to the diet rather than what type of diet is chosen.
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